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AB3TMCT 



The S/H fatigue life gage is an electrical sensor 
similar to a foil strain gage uhich vias designed to 
measure fe.tigue damage or fatigue life. The S"s;e accumu- 
lates information on fatigue by exhibiting a permanent 
cha.nge in gage resistance which is cumulative, irrever- 
sible and reproducible. 



This thesis set out to investigate the gage macrc- 
scopically and microscopically in order to further under- 
stand the mechanism by which it functions and some of its 
pecui-tarities. Constant deflection, reverse bending tests 
were conducted of 1018 CR steel, aluminum and acrylic 
plastic , 
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This paper discusses 
and gives recormendations 



some of the gage peculie.rities 
for further investigation. 



Thesis Supervisor: '.r, M. Murray 



Professor of Mechanical Engineering 



Title 



ACK!;OM.j;i;C 



I 

!>Iui-rr.y 



Vvisn. to express 
for Introducing 



appreciation to Professor II. 
ne to this investigation and for 



liis assistance and encouragemento 

I v;ish to thank Hr, R, J. Ifhitsaead of k, T, Bean, 
Inc. and Mr, J. E. Starr of Micro-Moasurcneiits , Inc. for 
their cooperation in providing part of the test equipment 



and test specimens, 

I V7ish to thank Mr, Ross Melton and Mr, Art Gregor 
for their advice concerning strain gage instramentation 
and metallography, respectively, 

I ’i'^ish to thank Mr, Regis Pelloux of the Boeing 
Company for his thoughts and references concerning the 



behavior of metals. 



And, above all, I wish to thaifc n^r lovely wife, 
Kayv;in, for her patience, devotion and ability to decipher 
the handx.'ritten manuscript for typing. 



i 





ii 



TABLE 0? C0ITTSIIT3 



I. 

II. 

III. 

IV, 

V. 

VI. 

VII. 

VIII. 

IX. 



INDEX 0? FIGURES 

SYI-IBOL AND BERIIJITIONS . . , 

INTRODUCTION . . . . 

OBJEGIVmS . , . . . 

BXPERBISIITAL PROCEDUDE 

GPu.lPHIOilL I-ffiSULTS 

!-'JSIAILOGSiIPH RESULTS 

DISCUSSION 0? RESULTS 

CONCLUSIONS 

RECCI-n-IENDiTIONS 

APPENDIX . 

A, Prepaz'ation of Bonding Spaciaens . . . 

B, Preparation of I'eto.llograpli Specimens. 

C, Description of Apparatus 

Do Sample Calculations , 

E. Tabulation of Data « • 

Fo References , 



V 

1 

10 

11 

34 

40 



5S 

60 

61 

63 

70 

i { 

51 

98 



X 



INDEX ON FIC-UPJ:S 



FIC-URE 






I 


S/N FATIGUE GAGE rERFORXANCE CURVES 


3 


II 


SKETCH CF S/N FATIGUE GAGS CUT 

diagonally 


16 


III 


S/N FATIGUE IL40HIITE BLOCK POSITION 
STRAIN CALIBRATION 


24 


IV 


COMPARISON OP INDICATED STRAIN FOR 
FATIGUE GAGS AND STRAIN GAGE 


25 


V 


PSRPORI-LUICS CURVES FOR SPSOIMENS 
S-1 and S-2 


26 


VI 


INDICATED STRAIN OBTAllDiD FROM S/lf 
FATIGUE GAGE 


27 


VII 


perfoh:-:ai:ce curve for spegiken l-i 


28 


VIII 


PERFORIiiUICS CURVE FOR SPEC] ESN L-2 


29 


IX 


PSRI’OPAANCE CURVE FOR SPECIMEN L-3 


30 


X 


PERFOPJ-rANCE CURVE FOR SPECIMEN L-'?! 


31 


XI 


PSRFOPELU^'OE CURVE FOR SPP^CIMEN 


ro 


XII 


“LUCITE 129" FATIGUE CURVE FOR 
CONSTANT STRAIN 


3j> 


XIII 


CRACKING IN STRANDS OF SA STRE.IN 
GAGE (lOOX) 


36 


XIV 


CRACiaiTG IN STRANDS OF EA STRCaN 
GAGE SHOTN IN FIGUP-E XIII (200X) 


36 


XV 


DIAGONAL CROSS SECTION C? S/N 
fatigue gage - ZERO CYCLES (lOOZ) 


36 



11 



figur; 



XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 

XXIII 

XXIV 



DIAGONAL CROSS SSCTIOIT 0? S/ll 
FATIGUE GAGE - LEFT SIDS OF CEl'TTSR 
STRAND IN FIGURE XV (465X) 



DIAGONIE CROSS SECTION 0? S/rl 
FATIGirS GAGE TURRET - ZERO CYCLES 
(lOOX) 



DIAGOHAL CROSS SSOTIOl-I OF S/lI 
FATIGUE GAGE TURRET - SAEE VIEU' 

AS FIGURE XVII (ICOX) 

LONGITUDINAL CROSS SECTION OF S/l; 
FATIGUE GAGE TURRET - SPEOIAEN 1-2, 
AFTER 10,690 CYCLES AND TEPIIINiJj 
UIRE REMOVED (lOOX) 

LONGITUDINAL CROSS SECTION OF S/lT 
FATIGUE GAGS STRAND A?p?. POLISKING 
TO DEPTH OF 9.84 x 10* • INCH - CRACK 
ROOT OP SPECIKEN L-3 AFTER 4020 
CYCLES (lOOOX) 

LONGITUDINAL CROSS 
FATIGUE GAGE AFTER 
OP STRAND AT OUTER 
SPECIKEN L-1 AFTER 
(lOOOX) 

LONGITUDINAL CROSS 
FATIGUE GAGE AFTER 
OF STRAEID AT OUTER 
NEAR INSIDE RADIUS 
SPECIKEN L-2 AFTER 
(lOCOX) 

LONGITUDINAJi CROSS 
FATIGUE GAGS AT INSIDE RADIUS OP 
STRAND - TIP END OF GAGE - SRSCIKSN 
L-5 AFTER 550,000 CYCLES (500X) 

LONGITUDINAL CROSS SECTION 0? S/N 
FATIGUE GAGE - SAKIE VIE I AS FIGURJS 
XXIII AFTER SLIGHT, ADDITICI.'AL 
POLISHING (SOON) 



SECTION OF S/N 
SLIGHT POLISKING 
EXTRENITY - 
49.528 CYCLES 



SECTION OF S/N 
SLIGHT POLISHING 
EXTRENITY AND 
AT END OF STRAND 
10,690 CYCLES 



SECTION OP S/N 





















I 




IP' 



I 




m 









FIGUR3 






XXV 


LOI'TC-ITUDIlIilL CROSS SOJCTIOII OP S/il 
PATICtU.S GAGX TuP.P.ET, void at TURPJ5T- 
STRAXD - SrOXY IDTRSFACS - SP30III31: 
L-5 APT3R 550,000 CYCL3S (lOOX) 


39 


XXVI 


LOITGITUDII'AL CROSS SECTION OR S/N 
PATIGU3 GAGE TURRET - SAYS POIIIT OR 
INT3RR3T IH RIGUR3 XXV (200X) 


39 


ixm 


S/N PATIGUE gage, type KA-01 


39 


XXVIII 


STRAIR GAGE ADD PATIGUE GAGE MOUNTED 
ON TOP OR 3PSGII-3II A- 3 


39 


XXIX 


S/n PATIGUE BENDING SPECIMEN 


62 


XXX 


SKETCH OP GAGE AND TEPJ-IIN.AL 


67 


XXXI 


SKETCH OR PATIGUE MACHINE 


71 


XXXII 


SKETCH OR CANTILEVER BEAM 


77 



iv 



A - 
C.A 
C 
c 

E - 
C-? - 

I - 
L >' 

M - 



K » 

P - 

R - 



KS - 
AR - 



SITBOLS AITP DEJ?’INITIOr>: 



cross sectional area 

increment of cz'oss soetional area 



constants 



distance from neutral axis to extrer 

young’s modulus ox elasticity 

gage factor; somo times called strain 
factor 

moment of inertia 



length 

bending moment 
number of cycles 
load 

electrical resistance 
gage resistance 

increment of resistance; also amoun 
shift” 



t ~ tine 

X arbitrary distance 
y « beam deflectio>i 

y’ ” first derivative of y vrith respect 
y” - second derl\'ative of y ulth respect 
G - strain 

Gc. ~ compressive strain 



:;e fiber 
). sensitivity 



of "zero 



to X 
to X 



I 



i 



- mean strain 
Cr - cyclic strain 
£t “ tensile strain 
Gt - toto.l sti'a.in ra?ige 
AG increment of strain 
u - micro units or 10"^ 
rLG “ microslrain (10"^ in, /in. 
^ - electrical resistivity 



CO - 


angular- 


speed 


o 

! 


cycles 


per minute 


psi - 


pounds 


per square i 



IHTKC'DUOTIOi: 



The recogjiition of material failures by a mccheuiism 
called fati£ue-’-- is by no means nev? to the tv;entietli 
century (2); houevor, the development of sensor devices 
to predict fatigue failure is raMier recent. Fatigi.ie 
sensor devices date bcick to about 19^8 (15) , and today 
at least two companies market these devices. One such 
device is THE FATIGUE LIFE GIGS which was developed 

by Harting (15) (l6). The fatigue gage is manufactured 
by Micro-’Icasurernents , Inc, and is marketed by H. T. 

Bean, Inc, This investigation is confined to the X'^rtl-- 
cular gage shown in Figure X'CYII, Section 7. A descrip* ** 
tion of the gage can be found in Appendix 0, 

The fatigue gage v;as developed to measure cimaulative 
fatigue damage of a material by noting the resistance 
change of a gage v;blch is bonded to the surface cf the 
material. The resistance change is also a curaulative 



* A review of fatigue theory is beyond the 'scope of 
this investigation; however. Avery ( 2 ) has a good biblio- 
graphy and Ilanson (20) has good discussion of the subyset 

•K-m Tradeiiark ; Hicro-llsasureiisnt , Inc.j Romulus, 
Kichigan. Throughout this investigation, refere'nce ’,;ill 
be made as ”the fatigue gage”. 
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effect and changes in an irreversible, predictable r.->cnner. 
For cxar;iple, if the gage vas mounted on a specimen, cycled 
in reverse bending at constant strain amrlltude, and the 
resistance vras plotted as a function of the number of 
cycles on a log-log plot, the result should be a series 
of curv''es as shown in Piguro I. These curves can then be 
cori’'alated to the fatigue life of a specinen. 

Karting concluded during the gage development that 
large resistance changes (on the order of 300;0 wore due 
to gage craching and small resistance changes (on the order 
of 1 or 2%) (l6) were due to work hardening--’'- of the grid 
material. Ke further concl.uded that the g-age could be 
designed to change resist-anco in a predict-?fole fashion by 
vrorh hardening, cracki-ng or both. Oldrcyd, Burns, and 
Be'nhaiE (2B) support this idea by stating that materials 
with a ultinate/yleld strength ratio greatex' than l.A 
cyclic hardening occurs and those for which this ratio is 
less than 1,2 cyclic softening occurs, 

Ohironis (7) states that the s/N fatigue gage wox'ks 
on the principal of work hardening of the grid material. 

* Cholners and King (5, 6) ha.va a detailed discussion 
of the sx’vbject. 
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'febeler (33) concluded that fatigue of disordered alloys 
produces cold-;/orV regions vjhich are roacroscopic , end hence 
cause an increase in resistivity duo to electron scatter- 
ing. He did i''ot observe nicrocracks as resistivitv in- 
creased. Cohen (9) a.lso noted that the resistivity of a 
disordered alloy shoved a shallov noncliiiun as a function of 
cold vorlelng; houever, he also cites tvo ezanplesj a nickel- 
alloy and a copper alloy, vrhj.ch shov continously decreasing 
resistivity as a. function of cold •./orking. 

The material used in the foil grid of t’as fatigue 
gage is constantan. There has been no inf orn.ation pub- 
lished concerning the change in resistivity of constantan 
foil as a function of cold v/orking. Boeing (4) conducted, 
tests on aruiealed constantan, but no definite conclusions 
were reached concerning the change in resistivity as a 
function of cold working. 

Up to this point it has been assumed that cold working 
ca.using a change in resistivity describe the mechanism by 
which the fatigue ga.ge operates , It is certainly possible 



that other mechanism may come into play. 



The resistance o.C 



;,n electrical conductoi' lias been 



expressed by Kelvin as: 

( 1 ) 

A 

vrbere 

R = resistance j in length I. (ohras) 

resistivity or specific resistivity ( ohuv-in. )■”- 
L = length of conductor (in») „ 

A = a.rca of cross section (j.n, ') 

Eq.uation (1) assumes that the conductor is homogeneous, 
the cross-sectional area is constant and small compared 
to the length (L), the current is continous and uniformly 
distributed, Bpuation (l) can be expressed soine^rhat dif- 
ferently by talcing the logarithm of both sides and differen- 
tiating: hence. 



4 _ ^JjL _ 

R ■ "a 



( 2 ) 



Vi’hich expresses the unit change in resistance in terms of 
the unit changes in resistivity, length and cross-sectional 
area. Equation (2) states that an increase in resistance 
can be achieved b}c increasing resistivity, increasing 
length and/or decree.sing cross-sec tionaj. area. Instead 
of the differentials of equation (2), one cou.ld thinJc in 
terms of many sm?J.l finite elements, aiid that the suifimation 
of these elements vcould compose one strand or even a whole 



* ^=19.3 ohm 






in. for v/rought coiistantan 20°C 



5 - 



gage 



1 



If a fatigue gage vas mounted on a specimen and the 
specimen nas returned to the sane strain for each resistance 
measurement, the dL terra of equation (2) nould be zero. 



Under this condition the resistance charr^e can be expres- 
sed tj 



d_R _ d§ _ ^ 
R - ^ 



(3) 



It must be noted that a change in area raaj also cause s. 



change in resistivity. 



Dahl (10) 






that for a small 



reduction in area there uas no change in resistivity; 
horever, for* a large reduction in erea. there nas an in- 
crease in resistivity. 

Horne (17) compared a bonded fatigue g?-ge optically 
before and after strain hardening and found no dimensional 



chs.nge even though the gage resistance increased. The 
type of dimension change suggested by equation (3) may not 
be noticed by an observation such as Homo’s. To detect 
the incremental change suggested by equation (3) would 
probably require investigations using metallography. If 
the epoxy surfsice could be removed from the fatigue gage, 
much valua-ble information could be quickly obtained with 
a scanning electron microscope such as manufactured by 
J k 0 Jj o 0' '■ . 



Ti'adcmar] 






.nan Electron ©''tics Laboratorv Oo, Ltd. 
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There is 



indiccitioii in the literature that during 



fa,tigue or even during fracture, a. hoiriogsnous ncdi?. does 
not exist. It has been recognized for senetino tha.t during 
fatigue, electron emission occurs, Bennett (3) has noted 
the libration of gas from fatigued aluiainum, Furuichi, 

JhiOi s.nd Mizukaua (13) have observed pitting at the gra.ln 
boundaries in HOP metals during fatigue, Thompson (30) 
also noticed pitting in some POO metals, including copper. 
Considering the above observations, the term d.A in equation 
(3) may play an important part when considering a number 
of finite elements of a.rea. The variation in area would 
possibly be caused by creation of internal voids or pits, 
or even crachs. This would add an additional mechanism to 
the fatigue gage operation, in addition to any change in 
resistivity. 



Much of the literature does not seem to support the- 
fact that Mork. hardening of FOC metals continue past the 
first few thousand cycles. hadsworth (32) found that B'CC 
metals vjhich were soft initially hardened over the first 
te\f thousand cycles. If the metal was hard at the start 
of the test, hardening did not occur, Ilott (22) reiterates 
in part, the work of Thompson, I’adsworth and Lcuat on fati- 
gue in polycrysta-lline copper which further supports these 
observations, Mott nolnts out that the formation of a 




p 



craclc across a single grain probably takes a good deal 
less than half the total fatigv.c life 3 and the spread of 
the crack at a gradually increasing rate through the re- 
mainder of the specimen takes most of the life, L'bner 
and Backofen (11) conducted constant deflection, alter- 
nating bending tests (strain amplitude of apprcnlmatcly 
,2?o) on copper and found that saturation occurred at 
about 2000 cycles. 

Gibbons (14) accumulated i;ha.t little data was avail- 
able in this country concerning strain-cycle fatigue of 
vrought copper-nickel (70-50) • About the only inforraation 
tha.t proved of any \'a.lue to this investigation was that 
an endurance limit-"- exists at a stress level of approxi- 



mately 22,650 psi, corresponding to a strain araplitude of 
about ,l^e For st,rain amplitudes larger than » 1 % fatigue 
cracks can be expected. 

It must be remembered that during gage manufacturing, 
it might be most difficult to get "polished** strands in a 
gage. I21 the presence of tx-iaxial stresses any notch a.t 
the edge of a strand will favor crack development and 



props-gation. 



«• 

limit. 



In actuality non- 
' figure 



Gibbon: 



ferro'us alloys hs 
is based on 10^ c 



-ve no endurance 
;ycles 9 
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Triebes (Ji) noticed very good corro3.atio2i between 
his tests and Figure I, The fatigue gage does operate in 
a predictable fashion except for occasional dovia.tion at 
high number of cycles, Chironis {?) also discusses this 
deviation, and the phenomena is illustrated in Figure 3 
of his article. Although the fatigue gage does give re- 
producible data, the mechanism by ■i.’hich tbls occurs should 
bo thoroughly understood. If the mechanism vfere thorough- 
ly understood, some light might be shed on unexplained 
phenomena such as the deviation noted by Triebes and 
Chironis, 



^ Q 



II. 



OB J20TI V3S 



The primary obiectives of this Investi 



bion are : 



Ic To obaorve and study the s/N fatigue ?.ifs 
gage microscopical].;/ as well as maoroscopi- 
cally in an attempt to undorsto.nd the 



niechanisn by uhich it functions ; 



2, To rela.te observed test results conducted 
on acrylic plastic spocimcns v;ith the ^ 
manufacturer’s published gage performance 



data. 



The secondary objectives of this investigation are; 

1. To observe the use of the S/rT fatigue gage 
as a strain gage; 

2, To accumulate constant strain fati.gue data 
for aciivlic plastic material; 

3. To obsex’ve the effect of bending rate or 
strain rate on the gage perfonaaiice; 

4, To observe the effect of delay in taking 
data on the gage performance after a test 
Is stopped for; 

a, a short time period, 

b. a long time period. 
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In order to pursue the oolectlves of this investi- 
gation various tests vjere conducted. These tests vrere 
assigned test nurihcrs, vrnea referring to a particular- 
test, reference uill he made to the test number or speci- 
men number associated vrith that test® A description of 
test eq.uipi.ient can be found In Appendin C, 



G^eneral_ Frocridv.re 

The bending specimens v.'ore selected and prepared as 
discus.sed in Appendix A» The clamping blcc'c on the S/n 
fatigue riTtCliine vhich holds tlio cantilever bean >;as p.iacea 
in the appropriate position to attain the desired strain 
level for the test. The flyuhcel, which drives an accentric 
cam, was positioned so that the can was in the zero ot 
neutral position for reverse bending of y=±0,l inch. 

This viould correspond to a no load position of a free 
ca.ntilevar beam. The bending specimens were placed in the 
clamping block for reverse bonding. Initial resis bailee 
readings were taken with the s/K resistance meter a:id in 
some cases, the initial sero reference strain was recorded 
so that AH could bo computed as shovrn in Appendi:-: lu The 
first 5 cycles were obtained by manually turning the fatigue 
machine fly wlieol. , The maximum values of compressive strain 
and tensile strain were recorded during the first and fifth 



1.1 - 
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ii 
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cycles by using the S/lI fatigue gage a.s a strain gage 
in one leg of a half hheatstone bridge and a decade re~ 
sister boz in the other leg* (In the case of the aluminun 
specimens, strain levels vers measured using strain gages,) 
The value of alternating strain used for the test u'as 
generally the mean value of the first and f5.fth cycles, 
even though other values may have been recorded during 
the test. 

After obtaining the readings for the first and fifth 
cycles, the varia,ble speed motor driving the fatigue mach- 
ine v:as set to run at a predctennlned speed. The motor 
v:as run until the digital counter Indicated the desired 
number of cycles for the next set of data recording. The 
fatigue tests n’ere terminated v;hen: 

a) the "Lucite 129'* failed due to brittle 
fracture, 

b) the steel specimen developed crachs which 
propagated to the fatigue gage, or 

c) the appropriate data had been obtained 
for the aluminum specimens. 

The AR data was plotted as a function of II on log~ 
log graph paper in order to compare with the manufacturer's 
predicted performance and also to Indicate areas for furthe 
in'/estigation, if correlation were poor. 



The strain gages and the fatigue gages v;ere studied 
during and after the tests. The strain gages could be 
easily studied microscopically during the tests, but the 
fatigue gages required much more laborious and elaborate 
techniques and could only be studied microscopically after 
the test. 

An attempt v.’as made to observe the microstructure of 
two gages through an optical microscope. Since the fa.tlgue 
gages were encapsulated in a rather complex epoxy laminate 
system, there v;as some doubt if the thin enoapsulsnt might 
hinder the observation and Indeed it did. Both a new gage 
and a used gage exhibited the same phenomena when viewed 
through the microscope. The epoxy coating contained naner- 
ous randomly oriented g3.ass microfibers. The microscope 
could not focus on the surface of the metallic grid because 
of the glass fibers. 

To pursue the observation of the grid rniany hours were 
spent investiga-ting means and actually trying to remove the 
epoxy coating covering the grid. The methods which vrere 
tried and the results are tabulated belov/. 

T ABLE I 

RESULTS 0? EPOXY R?1':0VAL MET'rlOLS 

1, soaked in’ ,rr T. Bean epoxy a) no eff ecT“on‘’e'poxy syste 
gage stz'ipper for 1 hour 
at 73°X. 
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TABLE I (continued) 



Method 

2, soaked in acetone for 
appi’oximately 10 hours 



5. soaked in hydrofluoric 
acid for 30 minutes 



4, polished vrith solution 
of 2 tablespoons of 0.3 
micron alumina pov.'der in 
one pint of distilled HgO 

5, soaked in Diversey 
Biverstrip D-90 epoxy 
stripper at 70°F for 
72 hours, 

6, soaked in BGCO Strip 93 
for 1 hour a,t 73^ E 



7. soaked in Armstrong; 
Epoxy Stripper at 73^E 
for 120 hours 



8, soaked in Diversey 
Biverstrip B-90 at 
210°E for approximately 
10 minutes 



P.s suits 

a) possibly loosened turret 

b) one turret fell cut 

c) no effect on epoxy system 

a) gage curled due to acid 
attacking glass fibers in 
backing material 

b) embrittled backing material 

c) turned epoxy laminate opaque 
but no other apparent effect 
on epoxy systera 

■L U 

sl) no apparent effect on 
epoxy system 

b) not a very good means be- 
cause of possible damage 
to the gage 

a) no gross attack of epoxy 
sj'-stein 

b) this v;as recommended as a 
very potent epoxy stripper 

a) several micro pits in the 
epoxy coc.ting uhen vieved 
through an optical mici’oscope 

b) no gross attack of epoxy 

c) recommended as a very potent 
and corrosive stripper 

a) sevora.1 micro pits in epoxv 

f 4. w 

coating T/hen viewed through 
optical microscope 

b) no gross attack of epoxy 
system 

a) the stripper evaporated at 
a very rapid rate and could 
impose daziger to the user 
due to toxicity/', corrosive 
vapoi’s, etc. 
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TABLE I (continued) 



Ke the d 



9* soaked in Armstrong 

Epoxy Stripper at 210*^? 
for approximately 20 
minutes 



10, exposed to Hydrochloric 
acid, sulfuric acid, 
acetic acid and several 
common metallurgical 
etchants 



Results 

b) epoxy system lost its 
luster, but when viev.'cd 
through a microscope the 
coating v;as still present 

a) same rrecautiens as with 
D-90 

b) no apparent effect on 
epoxy systera when viewed 
through microscope 

a) no effect on epoxy system 



The surface layer of the encapsulant could not be re- 
moved by any of the above methods. 

Since the surface layer of the encapsifl.ant could not 
be removed, the next step was to examine the gage by vievring 
a cross section, A new fatigue gage was cut across the 
diagonal at approximately 20 degrees with respect to the 
longitudinal axis (Figure II), then mounted in E-Z Plastic 
Mount’'- for polishing, viewing and photographing with a 
metallograph. This viev? was chosen because it would show 
any phenomena in the gage due to transverse as well as 
longitudinal effects. 



* Trade name of Dansel Equip. Co., hestboro, i-Iass. 
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FIC-URS II 

■ DIAGONAL CROSS S30TI01T OF FATIGU3 GAGS 




The fatigue gages uhich were mounted on the Luclte 
specimens 'vore removed with Armstrong epoxy stripper. In 
actuality the stripper dissolved the Lucito, but left the 
gage intact. The gages were cleaned in isopropyl alcohol 
and mounted in "3-Z" plastic mount. These gages were 
mounted intact with the transverse direction of the gage 
vertical and perpendicular to the polishing surface. By 
mounting the gages in this manner the entire longitudinal 
portion of one strand could be viewed after polishing; 
furthermore, it facilitated identifying that point on the 
gage which *jas in the field of vision. It was intended 
to photograph all significant points of interest, but as 
will be pointed out later, this proved to be most difficult. 



- 16 - 



i 



i 



I 

I 

I 



1 



STjeciflc Test Procedures 

Test ;r 1 ; This test v;as conducted to calibrate the 
standard speciniens for strain level at each clampinp block 
position. Once calibrated, any specimen with the exact 
same geometry and dimensions could be inserted in the cla,mp- 
ing block, and the clamping block could be positioned to the 
desired sti-ain level. 

An aluminum 2024- T4 specimen on which w'o.s mounted a 
strain gage was placed in the clamping block and secured 
with the gage transverse axis 0,50 inch from the clamp*. 

The gage v;as connected to the Strainsert strain indicator 
with an identical gage (dumray gage) in the adjacent leg of 
a half-bridge. The eccentric cam was rotated to give full 
beam deflection (y=±0,10 inch) in tension and compi’ession. 
The maximum values of tensile and compressive strains were 
recorded with' the clamping block in positions 1, 2, and 3. 
The results of the calibration were plotted in Figure III, 

Test # 2 ; This test v;as conducted to study the zero 
shift of an EA strain gage of similar size and grid material 
as the S/lT fatigue gage. The only data for fa.tigue life 
of this strain gage vras given to be 10^ cycles at -1500 Me, 

An aluminum 2024-T4 specimen on which w'as mounted the 
stra.in gage was secured in the clamping block vrith the 
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block in position ,f 2. v;itli £« = ±3157 /-«.£, The cantilever 
vras cycled and the gage resistance vras measured periodi- 
cally with the S/y nul.lmeter. The number of cycles (IT) 
and the gage resistance (Rg) >rore recorded. After the test 
was terminated the specimen was studied and photographed 
with a metallograph. If a crack vras observed in the grid 
strands, the crack length vras measured vrith the aietallogra.ph 
at lOOOX thus giving the capability of reading to 2.5 x 
10”^ inch. In reference to gage data, ”base” refers to the 
terminal end of gage and "tip” refers to the opposite end. 

Test y 3» This test vras performed to expand the scope 
of test § 2, The purpose vras to compare strain levels 
obtained vfith the S/K fatigue gage vrith those obtained 
vrith a strain gage of similar size a.nd similar grid con- 
struction; furthermore, additional information vras desired 
concerning zero shift of the strain gage. 

One strain gage and one fatigue gage vras mounted on 
the flat side of an aluminum 2024- T4 specimen and one strain 
gage vras mounted on the bottom directly below the other 
strain gage. The specimen vras secured in the clamping 
block vrith the block in position §■ 2. The specimen was 
cycled, and the values of gage resistance and indicated 
strain vrere measured and recorded at frequent intervals. 
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As soon as the strain gages sho'.ved the first, sligVitest 
sign of zero shift,, the speciraen was removed for initial 
metallographic observation and study. The speciraen was 
returned to the fatigue machine and placed back into the 
same position in the clamping block for additional reverse 
bending cycles. After additional cycles the specimen v;as 
again removed for observation. The process was continued 
until sufficient data of gage resistance, indicated strain 
levels, 8.nd metallographic observa.tions had been obtained. 

After seeing the results of Test }f 2, cracks in the 
gage strands were anticipated. The crack lengths 'vrere 
measured during each observa.tion. 

Test # 4 ; This test was conducted to correlate S/U 
fatigue data of a 1018 OR steel specimen with the manu- 
facturer’s performance curves. The specimen contained one 
fatigue gage which was mounted by h. T, Bean, Inc, This 
was the only ga.ge which '.vas mounted by the manufacturer. 
The specimen W7as secured in the clamping block with the 
block in position # 1, The specimen was cycled, and the 
data of indicated str?,in, number of cycles and gage resis- 
tance were recorded. The data of AR and 21 w^ere plotted to 
compare with the manufacturer's performance predictions 
which were seen in Figure I, 
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Test ir 5 « This test vras conducted to correlate s/N 
fatigue data obtained from a 1018 OR steel specimen Kith 
manufacturer's perfoimance curves and to obsenre the trend 
in Indicated strain uhen recorded vrith a fatigue gage over 
the life of the specimen, 

A fatigue gage was mounted on a 1018 OR steel speci- 
men, The specimen was secured in the clamping block with 
the block in position § 1, A strain indicator v;as used to 
determine Rg and AR for all cycles less than 300. (Sample 
computation can be found in Appendix D. } Above 3'^0 cycles 
the s/N resistance meter was used in place of the strain 
indicator; however, the strain indicator vras used to mea- 
sure Indicated strain. As pointed out previously all in- 
dicated strain measurements using the S/il fatigue gage 
were performed by using the fatigue gage in one leg of a 
half-bridge and a decade resistor box a.s the dummy gage in 
the other leg. The dummy gage resista.nce was that value 
of Rg determined from the S/H resistance meter. In this 
particular test numerous readings of indicated strain vrere 
recorded throughout the test. 

The speed of the machine was held constant and thus 
the bending rate was constant at 400 C?M, 
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Tests # 6 - # 10: These five tests vsre conducted 



In similar fashions. One s/iT fatigue gage vras mounted on 
each "Luclte 129” acrylic plastic specimen. Trie specimens 
were secured in the clamping hloclc, but not necessarily 
with the transverse axis of the gage at 0,50 inches from 
the bloch as in the initial calibration. The clamping 
block positions are given in Appendix E, 

The specimens were cycled in bending ,at the rate re- 
corded in Appendix E. Values of Rg, AR, and indicated 
strain vrere recorded at specific intervals of JI, In all 
ca.ses AR was plotted as a function of K, In addition, the 
strain level for each test was plotted as a function of 
N at failure to obtain a graphical representation of fati- 
gue life of acrylic plastic. 

Each gage was removed from the Lucite specimen with 
epoxy stripper and mounted in plastic as previously ex- 
plained, All five gages v;ere placed in the same mount. 

Since one new gage had already been mounted, polished and 
studied in detail, it was found that this process was ex- 
tremely time consuming; hence, five gages were placed in one 
mount. The grid of one gage contains 16 strands; therefore, 
it was not possible to examine 80 strands within the scope 
of this Investigation. Only several strands and several 
turrets were examined. 
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Test ff H i Several specimens v;ero obtained from 
Triebes (29)* Only the history of one specimen could be 
readily identified. This specimen was a flat bar of 2024- T4 
aliuainum with one s/H fatigue gage (type NA-01, Lot: 

A12AP13 or A12AP15) mounted on each side. The values of 
Rg, AR and K, vjhich were recorded in April 1966, were 
printed on the specimen. In April 1967 the value of Rg 
was again measured with the S/lJ resistance meter* This 
gage an elapsed tine of 12 months between readings. 
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IV, GRAPHICAL RESULTS 



FIGURE 



III 


S/H FATIGUE MACHIUE BLOCK POSITION STRAIN 
CA.LIBRATION 


IV 


COMPARISON OF INDICATED STR.AIN FOR FATIGUE 
GAGE AND STRAIN GAGE 


V 


PERFORMANCE CUR\'P:S FOR SPECIMENS S-1 AND S-2 


VI 


INDICATED STRAIN OBTAINED PROM S/N FATIGUE GAGS 


VII 


PERPORZIANCB CURVE FOR SPECIMEN L-1 


VIII 


PERFORMANCE CURVE FOR SPEOIf-SN L-2 


IX 


PE.RFOPAIANCE CURVE FOR SPECIMEN L-3 


X 


FERPOPGIANCS CURVE FOR SPECIMEN L-4 


XI 


PERFOILMANCE CURVE FOR SPECIMEN L~5 


XII 


"LUOITS 129” FATIGUE CURVE FOR CONSTANT STPc^VlN 
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V. MBTALLOGRAPH RESULTS 



FIGURB 

XIII 

XIV 

XV 

XVI^ 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 

XXIII 



CRACKING 



IN STRANDS OF EA STRAIN 



GAGE 



CRACKING IN STRANDS OF SA STRAIN GAGE 
IN FIGURE XIII (200X) 

DIAGONAL CROSS SECTION OF S/N FATIGUE 
ZERO CYCLES (lOOX) 



DIAGONAL CROSS SECTION OF S/lT FATIGUE 
LEFT SIDE OF CENTER STRAND IN FIGURE 



(lOOX) 

SHOVRl 

GAGS ~ 



GAGE - 
XV (465X) 



DIAGONAL CROSS SECTION OF S/N FATIGUE GAGE 
TURRET - ZERO CYCLES (lOOX) 



DIAGONAI, CROSS SECTION OF S/II FATIGUE GAGS 
TURRET - SAKE VIE'N AS FIGURE XVII (lOOX) 

LONGITUDINAL CROSS SECTION OF S/lT FATIGUE GAGE 
TURRET - SPECIMEN L-2, AFTER 10,690 CYCLES AND 
TERMINAL V/IRB REMOVED (lOOX) 

LONGITUDINAL CROSS SECTION OF S/N FATIGirS GAGE 
STRAND AFTER POLISHING TO DEPTH OF 9.84 z 10“ • 
INCH - CRACK ROOT 0? SPECIMEN L-3 AFTER 4020 
CYCLES (lOOOX) 



LONGITUDINAL CROSS SECTION OF S/N FATIGUE GAGS 
AFTER SLIGHT POLISHING OF STRIND AT OUTER 
EXTREMITY - SPECIMEN L-1 AFTER 49,528 CYCLES 
(lOOOX) 

LONGITUDINAL CROSS SECTION OP S/N FATIGUE GAGE 
AFTER SLIGHT POLISHING OF STR-iUID AT OUTER 
EXTREMITY AND NEAR INSIDE RADIUS AT END OP 
STRA.ND - SPECIMEN L-2 AFTER 10,690 CYCLES 
(lOOOX) 

LONGITUDINAL CROSS SSOTIOIT OF S/i'I FATIGUE GAGE 
AT INSIDE RADIUS OP STRAND - TIP END OF GAGS - 
SPECIMEN L-5 AFTER 550,000 CYCLES (500X) 



FIGURE 



XXIV 


LONGITUDINAL CROSS SECTION OP S/K FATIGUE GAGS - 
SAME VIEU AS FIGURE XXIII AFTER SLIGHT, ADDITIONAL 
POLISHING (500X) 


XXV 


LONGITUDINA-L CROSS SECTION OF S/.N FATIGUE GAGS 
TURRET, VOID AT TURRET-STRAND - EPOXY INTERFACE - 
SPECIMEN L-5 AFTER 550,000 CYCLES (lOOX) 


XXVI 


LONGITUDINAL CROSS SECTION OP S/N FATIGUE GAGE 
TURRET - SADIE POINT OF INTEREST IN FIGURE XXV 
(200X) 


XXVII 


S/N FATIGUE GA.GE, TYPE NA-01 


XXVIII 


STPJ^IN GAGE AND FATIGUE GAGS MOUNTED ON TOP OP 
SPECIMEN A- 3 
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FIGURE XIII FIGURE XIV 
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FIGURE XVII FIGURE XVIII 




- 37 




FIGURE XXI FIGURE XXII 
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FIGURE XXV FIGURE XXVI 
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VI. DISCUSSION o y RESIJI.T3 

TSST // 1 ; The results of the block position cali- 
bration can best be seen in Figure III. Nornially a flat 
prismatic cantilever specimen would show a linear plot, 
but the cantilever specimen used in this investigation 
had a reduced section which caused a slight non-linearity 

One other point should be noted. The bottom of the 
specimen is supported b;:r a disk and spring arrangement. 
The manner in which the cantilever specimen is subjected 
to bending does not pi’ovide complete freedom from con- 
straint on the free end. 

Figure III is good for predicting the strain level o 
any specimen providing the follo'iring conditions are meet; 

a) specimen has the same geometry 
as in Figure XXIX; 

b) cantilever deflection is 0.10 
inch at the point of load appli- 
cation: 

c) strain gage is mounted on the 
flat side and transverse axis 
is located 0,0625 inch from the 
centerline of the reduced section 
toward the clamped or shorten end 
of the specimen; 



40 



d) the specimen is secured in the 
clamping block with the trans- 
verse axis of the gage 0.50 inch 
from the clamp, 

TEST # 2 : Throughout the fatigue gage Investigation 

the strain levels were expected to range from about. 2000>^.£ 
to 5000 ^e , It was desired to measure the strain of the 
specimen at various times during the test; however, the 
fatigue life of an ordinary strain gage was not kno;:n be- 
yond 1500..^'ve , This test would give an indication of the 
fatigue life; furthermore, it would possibly show the 
cause of zero shift. 

The strain level of this test vras ±3157>u£ for re- 
verse-bending, hhen the test was stopped at 6000 cycles, 
a definite but small zero shift in gage resistance was 
noticed. At 10,000 cycles the resistance had increased 
even more, but was still quite small; however, between 
10,000 cycles and IpjSSO cycles a sharp increase occurred 
in gage resistance. At this point the SA strain gage was 
studied with a metallograph. Cracks v;ere observed in every 
strand as pictured in Figure XIII and Figure XIV. Figure 
XIII was photographed at lOOX, and Figure XIV Is the same 
field of interest at 200X, The mean crack length at the 



the hp.ae end was .00196 



tip end ■'.'jas .00116 inch and at 
Inch, The maxlmiin crack length was .00315 inch or 78,8^ 
of the width of that strand. Svery crack propagated fron 
the same area as noted in Figures XIII and XIV. It ap- 
pears that the cz'acks are caused hy stress concentrations. 
Since the gage v;as not studied at the Inception of zero 
shift, this test did not determine whether or not cracks 
had developed when the zero shift occurred. Using the 
criteria that a strain ga.ge is near the end of its life 
when zero shift occurs (29), the EA gage should not he 
used after 6000 cycles in this case. 

TEST # 3 : Initially, three gages v;ere monitored dur- 

ing this test, hut the EA strain gage mounted in the re- 
duced portion of the specimen appeared to produce very 
little useful data. Attention wa.s given to the s/ll fati- 
gue gage and the EA gage mounted on top of the specimen. 
This test was stopped as soon as a measureable zero shift 
occurred in the EA strain gage, A small zero shift oc- 
curred during the first 5 cycles,, hut this can be expected 
of any bonded gage (29). At 5000 cycles when the first 
measureable zero shift occurred, the specimen ^.-:as removed 
from the fatigue machine and exa,mined with a mctallograph,. 
Three small cn.cks v/ere found in the gage o,t 5000 cycles. 
The specimen was again fatigiied until 10,000 cycles 



42 - 



and removed for inspection. Zero shift of the EA strain 
gage had increased as well as the number and length of 
cracks. Hereafter, the specimen was removed and inspect- 
ed ea.ch 1000 cycles in hopes of developing some useful in- 
formation concerning cra.ck length and zero shift. By 
inspecting the data in Appendix S, it can be observed 
that AR for the SA strain gage Increases as crack length 
grovrs. Although not included in Section IV of this in- 
vestigation, AR was plotted as a function of the mean 
gage crack length on log-log paper. The result was a 
power law relation, but due to scatter and insufficient 
data, the plot was not too meaningful. Also the approach 
of using mean gage crack length is questionable because 
Insufficient vreight is given to the longer cracks vrhich 
are probably the contributing factors effecting AR. 

In test if 2 there were 54 areas where cracks occurred. 
Cracks were expected in the same 34 areas in test jf 3; 
however, five of these areas ha.d no notices.ble cracks 
after 17*000 cycles ( AR of 2,04 ohms). 

Two points are brought out by the crack observations. 
First, if a crack occurs, it will occur in the same area 
as noted in Figures XIII and XIV, Second, the mechanism 
causing small changes in resistance (i.e. 1% - 2%) of a 
foil gage can be attributed to cracking and not ,^ust work 
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hardening as assuned hy Harting. It v:ou],d further seem 
reasonable that the crach rate gro'.rth could bo regulated 
by constraining the foil grids in an encapsulant such as 
used by the S/N gage. 

Another purpose of this test "^-ra-s to compare indicated 
strain measurements of an SA strain gage and s/lT fatigue 
gage. The results were plotted in Pigure IV, A line was 
faired throtigh the da.ta. points, but after 5000 cycles the 
curves need not be fair because the specimen vfas removed 
periodically and probably not replaced exactly as before. 
Both gages agreed extremely well for low number of cycles* 
In fact, in this particular test the S/il fatigue gage read 
almost exactly what was predicted by the calibration graph, 
Figure III, Over the entire ra.nge of this test the S/N 
gage readings showed less deviation from the value pre- 
dicted by Pigure III than did the EA gage. In theory, the 
EA gage should have given better results until a zero 
shift occurred. After cracks developed in the SA gage, 
it atjpears that the s/P gage gave more consistent results. 
As long as Pvg can be deteimined for the fatigue gage w'lth 
reasonable accurs.cy, strain measurements using the fatigue 
gage and a gage factor of 2.04 are within experimental 
accuracy in the low cycle range. 
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TEST ,# 4: This particular specimen nas received from 
W, T. Bean, Inc. with, a fatigue gage already mounted. The 
only student imput was the actual running of the test. The 
results were plotted in Figure Y, speciEien S-1, The per~ 

A 

formance curve correlated ver^' well up to 10 cycles, and 
at that point the results deviated from the predicted. At 
this point no reason is given for the deviation. The gage 
was not studied as to be done in later tests becau.se the 
specimen fractured through the gage. It v;as doci.led initi- 
ally that to reduce the unknowns, o.ny gage to be studied 
with a metallogranh should not have been fractured, 

TEST # 5: This test was simila.r to Test jf '-I- >^ith 

tv/o ezeeptions. The stra.in Tcate or cj^olic rate was much 
lov/er in this test, ^-00 CPI-I instead of 1030 CPM, Also 
indicated strain readings were recorded throughout the 
test,. 

In tests ^ 4 and # 5 the indicated strain readings 
for cycles 1 and 5 were not Indicative of what they should 
have been: hence, the next strain reading was tahon as the 
indicated strain level for tVie perfoimauce curves. There 
are two possible reasons for this discrepancy. First, 
the 1018 OR steel was very rigid and therefore, the clamp 
was not completely rigid. Second, it v;as not noticed 



until Test § 5 that due to spring stiffness, the spring 
\i3lS not causing the hean to completsly deflect for 0,10 
inch in coraprossion at the top surface of tVio specimen, 
vrhen the hR data for Test ff 5 vras plotted as having 
strain range of ± 2500AA.e (actually d; 249 ) , the cor- 
relation was excellent, 5fo unusual phenomena were oo- 
served at the high range of cycles as noticed in Test j}- 4, 
The second major aspect of this test is presented 
in Figure YI. All of the strain measurements for the 
fatigue gage nere taken using a. halanced half-bridge and 
a gage factor of 2.04, Two questions come to mind vrhen 
viewing Figure VI, First, why does the Indicated strain 
increase? Second, v;hy does the tensile strain increase 
at a more rapid rate than the compressive strain? The 
ansv/er to the first question might be approached by look- 
ing at the equation 



AR _ 
RS " 



e • GF 



(4) 



To give an Increase in strain, either GF must decrease and/ 
or AR/Hg increase more and more each time. Strain gage 
theory predicts that the strain sensitivity approaches 2,00 
in the limit which vrould not give sufficient account for 
the magnitude of change noted in Figure VI, The only other- 
reason for the Increase is an increase in AR/Hg and is 
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probably due to cyclic strain-hardeuin^ of the steel which 
is discussed in numerous references, Manson (20) being one. 
Later, in Test § 10 there is a slight increase in indicated 
strain, but for the same zero shift the increase in indi- 
cated strain is much less. 

The second question can also be approached by looking 
at the AP./Rg term of equation (4), If the material had 
work hardened, AR/Rg should not have increased any more in 
tension tha.n in compression over ;)ust one-half cycle when 
a reading was being taken. This could have been caused by 
a crack in the steel specimen, but a. crack did not develop 
until about 39jOOO cycles; therefore, it v:ould appear that 
cracking might have been present in the sensor for all 
cycles beyond at least 4000 cycles, 

TESTS // 6 - #10: These five tests were conducted 

on "Lucite 129" specimens. Acrylic plastic was chosen for 
several rea.sons: 

a) Acrylic plastic is being used more and 
more in the field of Naval Architecture as trans- 
parent wlndov/s in oceanographic research ships and 
submarines. To date no constant strain fatigue 
data has been published for this material, al- 
though lOarin, ?ao and Cuff (21) have performed 
extensive creep studies. 



b) Acrylic plastics fail in a brittle man- 
ner v/hlch. means no cracks I'/ould be developing 
under an s/l? fatigue gage, adding more uncer- 
tainty to this investigation, 

c) Being a non-metallic there ’.fould be no 
magnetic phenoraena induced from the fatigue 
specimen (29), 

The performance data v?as plotted in Figures VII through 
Figure XI, The specimen fatigue life was then plotted in 
Figure XII, Specimens L~2 and L-3 showed excellent correl- 
ation with the predicted performance curves. Specimens 
L-1, L-4 and L-5 showed reasonable correlation, Speciniens 
L-1 and L-5 departed from the predicted performance curves 
at high number of cycles. Specimens L-1 and L-4 appeared 
to oscillate about the predicted curves somewhat, IIo ap- 
parent reason can be given for this ocillating phenomena 
unless It is due to creep and relaxation in the Luclte (21), 
It appears that when a gage is bonded on a Lucite 
specimen of the size used in this investigation, . the speci- 
men will not fail at the gage, but instead at the highest 
strain level just past the gage (i.e. the gage tip). 

All gages which were mounted on the Luclte specimens 
were studied by obseimring longitudine-l cross sections with 
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a metallograph. Before proceeding vrith discussion of 
these five gages, a few conn'ents should bo made concerning 
the observations of a gage with zero cycles. Figure XV 
shows a diagonal cross section of a new gage at lOOX. 

The strands do not have a rectangular cross section, but 
slope to a point at the edges due to the acid etch process. 
The edges of the strands are not even, llumerotis micro- 
notches exist along the edge as demonstrated in Figure X7 
at lOOX, Figure XVI shows the notch cf the middle stirand 
in Figure XV, but magnified at 465X. Figures XVII, XVIII 
and XIX show the turret of the sane gage. There is a 
small void In the lead turret. In this specimen as many 
as three small voids were observed in the turret at any 
one time. If voids exist In the lower 50^^ of the turret, 
they will be present after soldering because experience 
In this investigation revealed that onl.y the upper 25/C - 
40/^ of the turret was m.elted during soldering when the 
proper connection procedures were used. Figures X^/II and 
XVIIl show the angle of the epoxy- turret interface. The 
angle at this interface was not consistent, but acute in 
some specimens and obtuse in other specimens. Figure XIX 
shows an acute angle of the turret in specimen L~2 after 
removal of the connection wire. 
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After studying the results from Tests ff 2, 3 and # 5» 

the fatigue gages were inspected for crac!-:s. If cracks 

had developed, these cracks should occur in the areas of 
stress concentration as seen in Pigures XIII and XIV for 
the BA strain gage. Specimen L-"3» ’which showed excellent 
gage performance correlation (Figure IX), was exaninod 
first, A significant crack was found as expected in one 
of the places of high stress concentration (i.e. the same 
area as in the BA strain gage). This crack was located 
at the base end of the third strand, numbering from the 
outer most stra.nd. At the very outside edge of the strand, 
the crack had opened approxi-ntely 2 ~ 3 mils. In one 
portion of the strand adjacent to the crack, a very small 
void had been created. It is unfortunate that in the pro- 
cess of polishing for a clear photograph at lOOOX this area 
of interest was lost; however, after polishing the a.rea to 
a depth of 9.84 x 10~^' inch, Figure XX was obtained at 
lOOOX*. The average strand thickness is 2 mils which can 
be used as a scale in the photograph. If this crack had 
been viewed looking down at the strand, the actual reduction 



* It wp.s not possible to get a clea.r picture at lOOOX 
unless an oil lens was used. No oil lens w’as available at 
the time of photographing. 
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in area at this section could not have been determined 
because there were different reductions above and below 
the strand. Cracks were found in other gages, but not 
all strands contained cracks,. 

As mentioned previously the outside edges of each 
strand were very uneven. Figures XXI and XXII taken at 
lOOOX of specimen L-1 and L-5 respectively demonstrate 
this point. The a.vero.ge strand thickness at raid-section 
is 2 mils. The maximum thickness in Figures XXI and XXII 
is approximately 1 rail. 

Figure XXIII taken at 500X, shovrs one of the areas 
of specimen L-5 where a crack might be expected to develop. 
The thick portion in the right of the photograph is the end 
of the strand, and the thin portion is the edge of a strand 
vrhich is joining at the inside jra-dius. Figure XXIV, taken 
at 5 OOX, shows the same area after a very brief polishing 
(approximately ,001 inm) . The small cracks in these two 
photographs are probably notches due to etching and not 
really cracks. There are several pits in the strand which 
were* never noticed in a gage which had not been fatigued. 
The reason for these pits is unknown, although it is pos- 
sible that the pits are caused by work hardening. 

Specimen L-5 did not exhibit good correlation at the 
higher cycle range. It is believed that a large void next 
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to the turret helped contribute to this phenonanu. The 
void is sho'.rn in Figure XXV at lOOX and Figure XXVI at 
200X. The photographs show a orach in the foil grid below 
the void. The crack could have developed during polishing 
because the foil vras not rigidly constrained at that point. 
The cause for the crack cannot be readily ascertained, but 
the crack is long enough that it could not be polished out. 
It probcibly extended across the void. A combination of 
the crack and possible non-rigidity of the turret to the 
foil could have caused a rapid Increase of AH. 

Other phenomena v;ere noticed that could cause an un- 
expected increase in the slope of AR/N. Specimen L-4 
had a rather large void in the lead turret u-hich may ha.ve 
contributed to the ocillating effect in the performance 
curve. If the life of the specimen had been longer, a 
permanent AH deviation may have been noticed. If voids 
exist in the lead turret, they could certainly cause un- 
predicta,ble effects as the void geometry changes due to 
cold working. 

Poor, solder connections to the turret or excessive 
melting of the turret might give erratic results in AR/X. 

Ho difficulty w'a.s experienced in this investigation with 
connections failing as noted by Horne (17). 
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Cracking of the grid can not he ruled out as co.using 
the unexijected increase in AR/H. This deviation phenomenon 
occurs after many cycles of fatigue a.nd one cra.ck suf- 
ficiently v/ell propagated could certairfLy co.use an un- 
expected increase of AR/H. 

Host of these tests i/ere run at different cyclic rates 
in an attempt to dotorDiiiie if strain rate effected the 
fatigue gaga perfornanee. No definite conclusions were 
reached. 

Several times while taking data it appeared that AR 
increased slightly v/ith time with the beam at no load* 
Specimen L-5 definitely exhibited this tendency as can be 
seen in the data for Test # 10, Appendix E. This is con- 
trary to Homo's results in which he cites a decrease in 
AR with time. One might expect a decrease in AR due to 
possible relaxation of the specimen. To give an increas- 
ing AR,, a cro,ck would have to be propago.ting in t’ne 
specimen or the fatigue gage. The Lucite specimen would 
not support crack propagation without complete fracture. 

This leaves the possibility of gage cracking,. 

TEST # lit' The data used in this test was from a very 
small saniple field, only two specimens. Using Trisbes' 

(31) specimens two fatigue gages vjere checked for any long 
tine effects on change of. resistance. AR of one gage had 
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increased by 29«7;» c.nd the othier by 48. over a 12 nonth 



period. Since the gages v/ere still securely bonded, this 
leaves the possibility of stress-corrosion in the aluminun 
specimen or the fatigue gage or both, IIo cracks could be 
seen in the aluminum, Swama (28) mentions stress-corrosion 
in some copper alloys if armnoniura ions are present. The 
exact production process used in manufacturing of the s/K 
fatigue gage is not known, but some photo etching processes 
definitely have a.rrj3onium ions present (8, 27), If any 
trace of ammonium ions were present after a manufacturing 
process, the fatigue gage could possibly be effected by 
stress- corrosion. 




I 



VI I . CpiTCLUSIOy.3 



The S/l-1 fatigue Gage ’.'as designed to predict fatigue 
■failures heiore a catastrophic failure occurs. This is 
accomplished hv coFiparing the data with oerformance curves 
such as rigurs I and correlating AR v;ith the per cent 
life remaining in the material subjected to fatigue. 

Under ideal test conditions this investigation did, in 



general, shon that the performance curves are reproducible. 

The mechanism by which the fatigue gage operates is 
not due to cold v?orking alone, Craclcing of the foil 
material contributes to the resistance change of the gage. 
It is possible that cracking may be the contributing factor 
after several thousand cycles, depending upon the strain 
range. Cracking can contribute to small changes in resis- 
tance ( 1 % - 2 % ) and is not restricted to large resistance 
changes. If cracking occurs, the cracks ce^n be found at 
either ends of the strands where the inside radius joins 
the strand. 

The S/N fatigue gage can be used as a strain gage with 
reasonable accuracy; however, for the higher cycle ra.nge 
there is a more rapid increase in indicated tensile strain, 
than compressive strain. The compressive strain should 
give a more accurate indication of strain level. 
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There is indication that voids in the epoTc;;,’-, adjacent 
to the turrets and voids in the lead turrets may ce.use 
deviation from the predicted performance cux-ves at higher 
cycles of fatigue. Cracking of the foil grid may also be 
a possibility contributing to this deviation, if the crack- 
ing occurs erx'atically , Ho cracking occurred in any of the 
tex’minal hook up viires in this investiga tion« Figures 
XXVIII a'nd XXX shovr the type of hook up used ard was very 
successful. 



Ho definite conclusion v;as reached concerning gage 
performance as a function of cyclic bending rate. 

This investigation showed that for shox’t time tests 
on Lucito, resistance cha.nge lncrea.sed slightly as a func-- 
tion of time. For one long time test on aluminum, resis- 
tance change increased as a function of time, probably due 
to stx'ess corrosion in the aluminium or possibly, in the 



gaga depending upon the raanufac tuning process. 

The strands of the fatigue gage do not have a rectan- 
gular cross section, but taper toward the edge In a some- 
what ogival fashion. There are numerous rnicronotches 
along the edge of the strands and the strand thickness 
varies groa.tly along the edges. 

The procedures for mounting the gages (Appendix A.) 
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v;ere very, successful. The procedure of cleaning the back 
of the fatigue gage v?ith aTiinonia neutralizer is questionable. 
If constanta.n is susceptible to stress-corrosion v;hen 
exposed to ammonia, it is possible that d'aring lapping 
the b?xk of the gage with pumice, a path could be opened 
to the foil via one or several of the voids in t’as epoxy 
through uhich ammonia might flov;. 

When the fatigue gage is mounted on Lucite,.the speci- 
men vi-iD,.l not fail at the gage but at some point just past 
the gage. It appears from Figure XII that "Lucite 129 ” will 
have a long fatigue life below strain levels of 1900x.&. 
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VIII. R5Q0HKSN DATI0 IIS 

The ideal investigation of the S/K fatigue gage 
v.’ould include examining the surface and the cross section 
of the gage. The following procedure is recoirn ended for 
a mors thorough investigation of the type initially at- 
tempted in this paper; 

a. Find an adequate solvent for removing the 
epoxy from the gage surface; 

b. Examine the foil surface v;ith a scanning 
electron microscope; 

c. Examine the gage cross section by first 
etectro-plating uith nickel, then mounting 
the gage for polishing. This would pre- 
tect the edges of the foil from any pos- 
sible cold flow while polishing; 

d. Attempt to determine the change in resis- 
tivity as a function of cold working. 

Additional tests should be conducted to determine the 
effect of change in gage resistance as a function of time. 

Wood (3‘-0 recommends conducting constant strain fatigue 
tests on cylindrical samples. It would be interesting to 
conduct tests with the fatigue gage mounted on cylindrical 
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specimens and compare the results V7ith results obtained 
from flat specimens. 

The plot of strain versus cycles for "Lucite 129" 
(Figure XII) should be supported by additional data. 
Kore specimens should be tested to confirm the shape of 



the curve 



IX, AP?Ei:i:OIX 
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A, PREPARATimi OF BFFRING SPSOI’ARIIS 



Aftsi' considering several georaetrical configurations 
the V.-. T, Bean standard S/H fatigue specimen vras chosen 
as a desireahle geometric shape, A specimen of the georae 
try shovn in Figure XXIX was chosen for the following 
reasons : 

3., the specimen as designed for the 
\U T, Bean portable s/li fatigue machine, 
although the specimen had to be shortened 
0,50 inch to permit its use in clamping 
block position # 3; (See Appendix 0 for a 
detailed description of the portable S/lT 
fatigue machine . ) ; 

2, the specimen would eliminate one 
parameter (i.e. different geometry) which 
might cause deviation from the ma.nufactur- 
er's predicted gag;e performance; 

5. the geometry was such as to induce 
fracture at the same local area during 
each test; 

4, the speci 2 t!.en V7as appropriately 
sized to mount one s/H fatigue gaga at the 
reduced section of the specimen; 
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5. the specimon required a lijaitod 
amount of mo.terial and could be mo.cliined 
from standOurd stock Eiaterials by the student 
in the II, I. T, student mo.chine shop. 

The reverse bending specimens uere fabricated from 
cold rolled 1018 steel, 2024- T4 aluminum and "Lucite 129" 
acrylic plo,stic. The steel specimens uere donated by 'rt, 

T. Bean, Inc, The aluminum spccjmcns were raachined frcn 
0,750" X 0.250", 2024- T4 a,lurainum stock. The acrylic 
plastic specimens vrere cut and machined from 0,250" co.s'c 
sheet "Lucito 129", In addition to machining, the acrylic 
plastic specimens vrere annealed at l60°i' for 4 hours. All 
mo.chlning v;as performed along the longitudinal axis of each 
specimen. There were no machine marks along the transverse 
axis. After macb.irlng, all specimens were polished with 
very fine emery cloth. In the case of the plastic speci- 
mens the polishing was perfon’’.ed before annealing. 

One s/iT fatigue gage was mounted on the flat surface 
of each fatigue specimen v;ith the gage centerline at a dis- 
tance of 0,062" from the center of the reduced section ard 
towards the clamped end. Prior to mounting each gage, 
standard surface prepar.ation procedures were followed. 

The entire procedure wo.s as follovrs: 

1) insure temperature of specimen at or slightly 
above 70^F: 
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2) lap surface v.’lth silicon carbide paper dipped 
in Bea,n neta.l conditioner (2^iO ^rit for steel 
and aluminum; 400 grit for plastic); remove re- 
sidue with clean tissue; 

3) repeat step b) and mark gage location vrith 6 H 
pencil ; 

apply metal conditioner to surface v.'it’n cotton 
swab and remove with one stroke of clean tissue; 

5) apply ammonia neutralizer to surface *with cotton 
swab and remove with one stroke of clean tissue; 

6) using fine pumice powder, lap bonding surface of 
gage and teflon terminal strip with a circular 
motion on clean glass plate, using finger to apply 
light uniform pressure to top surface of gage and 
terminal strip; 

7) place gage face up on clean glass surface and 
position terminal strip directly against the end 
of gage; 

8) apply cellophane tape over top of gage and terminal 
strip; 

9) lift gage and terminal slowly from glass surface 
and clean back vrith cotton applicator dampened with 
ammonia neutralizer; 

10) place gage In position of specimen 'which was Biarked 
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Freviously v/ith a 6 H pencil; 

11) starting at one end of cellophane tape lift gage 
assembly, leaving the other end firialy attached 
to the specimen; 

12) apply thin film of blVte Sastuian 910 catalyst to 
ba.ck of gage and terminal strip and allow to dry 
for approximately 1 minute; 

13) apply two drops of Eastman 910 adhesive to gage 
area of specimen. If adhesive has bean stored in 
refz’igerator, allow it to reach room teraperature 
before using; 

14) feed gage and tape onto surface, holding free end 
of tape above surface with one ha.nd a.nd using ball 
of tissue in other hand to quickly force gage as- 
sembly into place v;ith one stroke; 

15) within one second press gage firmly into contact 
with surface using a swiall teflon sheet while 
applying pressure with a finger for thirty seconds; 

16) after approximately tv/o minutes the cellophane tape 
was removed; 

The solder turrets of the S/lI fatigue gage are 1,5?^ 
silver, 5^ tin and 93»5'3 ler-.d. The turrets melt at 585^P, 
and if this occurs, the lead will flow onto the soldering 
iron, thus ruining the gage, ho solder cormection can then 



be made to the gage. The next fev; stops are therefore, 
most important. 

17) set povrerstat voltage at 95 VAC for a 22.5 vratt 
soldering iron vrith a .125 inch chisel point tip; 

18) tin terminal strip and gage solder turrets with 
rosen core 63-37 tin-lead (Bean 300°P) solder; 

19) remove approximately .50 inch of the insulation 
from the end of a stranded if 30 copper lead; 

20) separate a single strand from the rest; solder 
the others together and cut the soldered group to 
approximately ,125 inch length; 

21) tape leads to specimen surface and solder to 
terminal strip; 

22) form the single strand to a ”0” shape so that the 
free end lays on top of the turret. Anchor the 
loop using mashing or cellophane tape so that the 
loop end is firm against the solder turret; 

23) lay the rosin-cored solder on top of the solder 
junction and bring soldering iron dov/n on joint; 
remove solder and then lift iron; 

24) float tape loose v/ith rosin solvent and remove 
all solder fl'ux. 
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FIGURr) XXX 

S/N FATIGUE GAGS AND TSPiaUAL 




reiterating which v:lll improve test results and reduce 
scatter v;b.eu tests are reproduced. 

a) Insure that soldering iron temperature is not 
raised much above 300’^F. High temperatures wi.ll 
damage the solder turrets on the gage. 

b) Position terminal strip directly against gage 
and use a "C" shape in the single strand con- 
nection. This V7ill minimize fatigue fe.ilure J.n 
the electrical connection. 

c) If the installation ■irill permit, position, terminal 
strip in the lower strain field and lead the elec- 
trical corniections away from the higher strain 
ficl.d in the direction of the lov7cr strain field. 

Two alvimimun specimens were sub;)ected to fatigue with 



Hicro-Mc?.s\irement Type EA strain gages. These gages 
mounted similar to the above procedures except there 
no solder turrets and lapping ’•..■as not necessary. 



'rt’ere 



■^iere 
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B.. PREPARA.TION OF IIBT ALLOGRAPH SPL'OTLL-; 



The S/N gages were removed from the fatigue bending 
specimens using epony strippor« The Eastman 910 epo:<g>' 
bond is easily broken uith o.ny epoxy stripper listed in 
TABLE I, The gages xere raounted in Dansel "S-Z” Plastic 
Mount for polishing. The maximum temperature during set- 
ting was about 135°P. To observe the micrcstruoture of 
a metal, a flat, inirrorlike surface must first be polished 
on the so.mple. Polishing for structural observations 
requires the attainment, or .approximation of a mirrorlike 
surface by cutting axay normal irregularities ro.ther than 
by causiiig high areas to flov? into lovr areas, as in buffing. 



All specimens xere polished on tViree successive ro- 
tating disks. The first step used a disk covered with a 
600 grit abrasive. The second step incoi'porated a special 
cloth (Buehler microcloth), mounted on a disk xhich xas 
periodically saturated with an abrasive solution consist- 
ing of 2 ta.blespoons of 0,3 micron alumino. powder in one 
pint of distilled water. The third polishing step in- 
corporated a special cloth on a separate disk from step 2 ,, 
and an abrasive solution of 2 tablespoons of 0,05 micron 
alumina powder in one pint of distilled water. The only 
means of inspecting the progress of the polishing process 
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wa,s to vi.o:-r the specimen through an optica], microscope 
at 500X. 

The entire polishing process is rather difficult 
and time consuming for specimens as small es a strain 
gage hefore a satisfactory surface is obtained for photo- 
graphing* It is extremely important to periodically clean 
the polishing mheols uith distilled uater to prevent build 
up of any large particles on the polishing cloth. 

Many etchants mere tried in order to bring out the 
grain structure of the gage, but no satisf ictory etchant 
wo.s found to properly etch the small cross section. Since 
the specimens v;ere not etched, any etch like appearance 
at the edges of the f.atiguc gage strands are the results 
of the gage manufo.cturing process. 
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C. DBSORIPTIOI-I OP APrARiTUS 



S /N PAT IGU ij! -lA OHITIS 

All fatigue tests uere run on the ?r. T. Bean S/N 
fatigue machine as shoun in Figure ZXZI, This raaohine 
was chosen so that the possihility of deviation Between 
the manufacturer’s predicted gage performance and results 
of this experiniont might he minimizc-do 

The machine is quite small and therefore, portahle. 

It is a constant displacement device for low cycle (i,e. 

A R . 

less than 10 ‘ cv 10 cycles} fa.tiguo studxes of a ca:iti-> 
lex'cr beam in bending. The machine can provide reverse 
bending, all tension or all compression depending upon 
the desires of the operator; furthermore, the machine per- 
mits subjecting the bending specimen to a. number of dif- 
ferent strain levels aJ. though this range is limited in 
reverse bending to approximately 2000A'.e - 5000 a(.£ . 

The operation of the machine is quite simple, A 
variable speed .I'otor drives a fly wheel to vfhich is -at- 
tached a ball bearing eccentric. The eccentric rests on 
one side of the cantilever and a spring loaded disc rests 
on the opposite side of the beam. The eccentricity is 
0,2 inch, thereby giving a m-axlraum displacement of 0,2 
inch for nui'e compression or rure tension and ± 0.1 inch 
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-S/N» FATIGUE MACHINE PARTS LIST 



\ 



(1) 3/16 Allen v/rench (long) 

(2) 1/^ - 20 X 1 Allen cap screws (2 req.) 

(3) Base plate 

(^) Specimen clamping block 

(5) Specimen shim plate 

(6) Specimen clamping plate 

(7) Cam shaft bearing housing 

(8) Cam shaft 

(9) Fly-v/heel 

(10) Specimen compensating block for clamping 

(11) 1/^ - 20 X 1 Allen cap screv^s (2 req.) 

(12) Cam bearing (ND 77R12) 

(13) Cam shaft support bearings (ND 77R8) (2 req.) , 

(1^1) 1/2 inch flat washer 

(15) 1/^ - 28 X 1/^ Allen set screw 
^6) Vacuum cleaner belt 

(17) 8 - 32 X 1/H Allen set screw 

(18) 3/^t inch dia. drive pulley 

(19) Drive motor, Dayton Electric Mfg. Co., Model 2M037 1/iO hp. 

(20) 3 0 -• 32 X 1/^ Philips round head screvr (2 req.) 

(21) Belt damper plate (adjustable) 

(22) 115 VAC power cord 

(23) Powerstat 

(2iJ) 600VDC, .01 MP capacitor 

(25) Cord grommets (2 req.) 

(26) 8 ~ 32 X 1/2 round head screvrs (3 req.) 

(27) 0.062 inch thick shims 

(28) 10 - 32 X 1 flat head screws (2 req,) 

(29) Spring retainer pin 

(30) Loading spring 

(31) Spring cap 

(32) Spring installation plug 

(33) 1/^ ~ 20 X 1-1/4 Allen cap screws (2 req,) 
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for reverse bending. For reverse bending the fixed end 
of the cantilever beani is placed in a clamping block v;ith 
a 0«1 inch shim plate on top of the beam. The clamping 
block may be located in three standard positions dcpetid- 
ing upon the desired strain level, A fourth non-standard 
position can be provided if a longer specimen is used, and 
only one set sene';: is used to hold the clamping block in 
position. 

In order to deterraine the fly-uheel speed a , strobe 
light or fluorescent lanvo must be focused on a v:hite din- 
metrical line located on the fly--;-jheel. By obtaining the 
proper image the fly-wheel speed is obtained. Knov;ing the 
fly-v:heel speed and having a stop watch, the number of 
cycles can be determined. The fly-':heel must be turned 
manually to keep accurate count of the first fev/ cycles. 

The above method of determinirag the number of cycles 
was not used. The machine was modified slightly by build.- 
ing a counting mechanism •;-:hich consisted of a 110 volt, 

60 cycle electric counter in series v;ith a micro-s’;:itch. 
The m.icro-s'witch was actuated by the eccentric. For each 
revolution of the eccentric the micro-switch closed once 
and the counter recorded one count. The counter v:as a 
6 digit counter. 
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S/N RS 3I3TAUCI : H3TER 

The vr. T. Bean S/H RBSISTAKCE IIST2H 1 b a null-balance, 
VTaeatstone Bridge type instrunient sx)ec?.fioally designed to 



measure resistance cr resistance Increase (/^R) in s/K 
Fatigue Life gages. The raeasurer.ent z'ange is from 100 to 



200 ohms. The value of AR above 100 ohms is read directlj/ 
on a three-digit dial in units of lO's, I’s and l/lO’s. 

The motor is designed to receive three-uire iraput for ellu- 



inating lead-in wire 



resistance from tVie measurement. 



The 



meter has a high and low sensitivity button so tha.t the 
meter can be quiclcly nulled. Once the meter is nulled by 
observing a needle cn a galvG.noir.eter the value of aR can 
be easily read from the digital nulling dia.1. Battery 
voltage effects the sensitivity of the meter, but does not 



effect the value of AR. 

ST RAIH SERT STR;p_ . IRBIC ATOR 

The Stx’ainsort, Model HR-1, vras used to measure small 
resistance changes (AR) below 100 cycles a.nd strain level 
of the S/lI gage or EA strain gage. The instrument is de- 
signed for use with Viheatstone full-bridge or half-bridge 
strain gage circuits. It is calibrated to read directly 
in micro-inches per inch strain when used w'ith strain gages 
having resistances between 50 and 2,000 ohms and gage fac- 
tors between 1.50 and 4.50.. The instrument ca.n be read to 



azi accuracy of about 2u.e. , 
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KE TALLOCt?A ?H 

The Meta3.1ograph, manufactured by the American Optj.cal 
Company j is a versatile device Khich permits :iap:niT?icd 
optical vieving, micro measuring , and photo graphing that 
part of the specimen in the field of vision. The specimen 
can be ea.sily translated in any direction '.-.’ith micrometer 
knobs to permit rapid viewing of any part of the specimen, 
Koimaal use of the optics permits magnification of lOOX, 
200X, 500X and lOOOX. Additional magiiification of 130X, 

75X and 1,500X can be obtained vith spccia], adapters or 
accessories. 



eye 



The optical system permits viewing the specimen through 
pieces or a projected iraage on a caraera adapter. The 



camera, adapter receives a Polaroid Land Cane.ra for photo- 
graphic work. The adapter has a wide range of shutter 
speeds. The proper exposure is determined by an appropriate 
adjustment of the illumination intensity knob and shatter 



sj^eed, 

S/]g PATIGUS LIFE GAG.TS 



The S/N fatigue gages have a const?.nta.ri foil* (copper-* 



* Specific details of the foil are 
since the gage is designed to work ha.rd 
elusion v.’onld be that the foil is an an 
than 4' ct' 2 hardened foil^ 



propri etaz’v ; hovrever 
en a logical con- 
nealed foil rather 
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nickel alloy also knovm as Advance, Cupron, and Copel) 
grid. The constantan grid is co^ipletely encapsulated (24) 
in a high- functionality epoxy resin system, which is rein- 
forced with glass filers on both sides of the gage. Con- 
nections are made to solder turrets which are mechariicall;v 
bonded to the grid foil and held fir-ifily in place by the 
epoxy system. The following data applies to the S/H gages 
used: 

Manfacturer: Micro-Measurenents , Inc, 

Type : NA-01 

Resistance: 100.0 ±,2,^ ohms 

Kominal Gage Factor: 2,04 

Lot Kuribers: A12AP15, Z-/a2AP21 

The EA strain gages are opcn-fa.ee gages having a 
constantan foil grid and a general purpose epoxy backing 
which is tough and flexible. (24). The following infor- 
ma,tion applies to the strain ga.ges used: 

Manufacturer: Micro-Measurements, Inc, 

Type : EA-13*-250BB-120 

Resistance: 120,0 ± ,2 ohms 

Gage factor: 2.095 i; 

Lo t Mumb e r : A1 4 ap46 

Fatigue Life: 10^ cycles © d; 1000-^<-£ 

10^ cycles D 1 1500 xac 
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D. SAMPLE O.ALOIIL ATI Oils 



Strain Calibration 



All test specir!'.ens v;ere cantilever beans ;.ith constant 
alternating displacer.ient . Assume the beam Is a v.’eightless, 

FIGURE XXXII 



? sin «t 



prismatic beam as shovrn in Figure XXXII. Solving for the 
maximum deflection lcnov;ing the naxlinum instantaneous bend- 



ing riiODient 



E I y"= 11-1= d:?(L-x) 
Integrating onosj 

F I ± [pLx-.-I?x^-fCi] 
but y’= 0 nhen x = o, therefore Cj = 0; 
Integrating again. 



E I d 



i-Px^+Cg 



but V--0 >;hen x-0, therefore 02 = 0: 



(5) 



(6) 



(7) 



* Ebner and Backofen (11) fcunu for alternating bend- 
ing, constant deflection tests with strain amplitude of 
approximately „2% that the be^ncklng momsut was not constant, 
but increased sliglitl;/ between 10'- - 10-^ cycles for metalli 
spscimeris. 



I 



Tfrien y.~ the value of y at the free end is found to be; 

(8) 



v= -f . 



3EI 



Since these tests u'ere run at constant displace: teat ox’ 
deflection, enuation (8) can be rearranged to j'iela; 

Pz: -f (9) 

1, 5 

The elastic stranln at the outer fiber ox? the beam is: 



- Me 
Ei 



( 10 ) 



ioer, combining enuation (3)j (9) and (10) yields 



£ - -t- t -fL, 

“ l3 eI 

^ r*. 



(11a) 



(lib) 

From equation (lib) it can be seoj.i that for a constant de- 
flection cs.ntilover bean test, the sti-ain a.t a given distance 
jc is a ;?uncticn of geometry and independent of material 
tested, Even thougli the test specimens vere not exactly 
prismatic, the conclusions v;culd be the same and the value 
of strain v/ould differ slightly from equation (lib). 

Since the test specimens uors rather small for mount- 
ing fc-itigus a.nd strain gages and straiji gages have short 
fatigue life at high strain, only the fatiguie gages uere 
mounted; ho .-ever, a, strain gage uas mounted on one piece of 
elurainum (2024-.T^:-) and stX’ain measurements ta’Ken v;ith 
clamping block iii position.s I , 2 and 3« The strain call- 
bra.tion results are tabulated in Table II, 



- ( G 
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TABI.E II 







STRAIM CALI 


BHATIOM 




Function 


Units 


Block Rosition-- 








1. 


2 


3 


X 


inches 


0.50 


0,50 


0.50 


y 


inches 


0,10 


0.10 


0.10 


L 


inches 


3.90 


3.15 


2.40 


Q 




-2400 


•*31 65 


-4460 




AA.e 


42560 


43150 


44610 


€.t 


XL e 


4760 


6315 


9090 






q:2330 


75157 


74545 


O op 1 ^. t a tic ^ 


of Small^ 


_A^R 







For large values of F and AR trie Bean S/N Resistance 



Meter i:as used; however for values of aR below IT" 100 
cycles more accuracy can be obtained by using a strain 



indicator. Before cominencing a. run the strain Indicator 
was hooked up a.s a vrneatstone half-bridge with Rg in one 
leg and a dur.ray value of Eg in the other leg* The bridge 
was nulled adth the strain indicator after the nominal 
gage factor (2,04) wa.s set on the gage factor dial. Since 
for small values of ZiR, Rg is essentially constant, and 
the fcllouing equa.tlon can be used to compute AH: 



than 



* The block can be placed in a position such 
L=4,65 inches, but the test specimen must be longer 
the specimen for the other position. Mo calibration was 
run with the block in this position. Also the stra.in can 
be varied slightl^^ by varj'ing z somewhat, but this is 
limited by specimen geometry. 
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( 13 ) 



If Rg= 100 oliri and GF - 2»04, this becomes 
AR= 204(A£) 

where AG is expressed in inch pez' inch. Equation (12) can 
also be used to compute AR for li>100 cycles if Rg is in- 
ci’eased by AR during each measurement and this value is 
substituted as the durmiiy resistance in the half-bridge. 
During each interval of H, Rg in equation (12) vrould be 
up dated. The total AH over a large va.lue of E would then 
be the summation of all the incremental values of A R» 



1 
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E. TABULATION OS' DATA 



TES T; fr 1 ; Glaraping Block Position Oallbration for 
Reverse Bending 
Material: Aluminura 2024-T4 

Design: Flat Bar 

Serial No,: A-1 

Stre-in Indicator: Strains ert HN-1 

Gage Tjpe: EA - 13 “ 205DB 120 

Type Loading: Reverse Bending 



Block Positioii 




6-t 




X 


Y 


L 


1 ~-2-K)0 


2360 


4760 


12330 


0 , 50 ” 


0 , 10 " 


3 . 90 ’ 


2 -3165 


3150 


6315 


±3157 


0 . 50 " 


0 , 10 " 


3-15 


3 -^:430 


4610 


9090 


±4545 


0 , 50 " 


0 * 10 " 


2.4C‘ 



All strain ineasurarrients in Ta-bulati on o f D ata '■.•:111 
be given in nicrostrain. * " ' * 
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TE ST // 2 ; Zero Shift of EA Strain Gage 
Material: Aluminum 2024- T4 

Design: Plat Bar- 

Serial Mo. : A- 2 

Stra.in Indicator: Hone (s/M Resistance Meter) 

Gage Type: EA - 13 ~ 205B3 - 120 

Clamping Block Position: jf 2 (£„- 4 3157) 

Type Loading: Reverse Bending 



K 

0 

1000 

6000 

10,000 

15,000 



RS 

119.80 

119.80 

119.95 

120.15 

143.00 



Test Terminated 



Sti‘and 


Crack length 
Base 


(inch) 

Tip 


outside 




.00060 


1 


.00125 


.00180 


2 


.00200 


.00020 


3 


.00170 


.00123 


4 


.00250 


.00115 


5 


.00135 


.00120 


6 


.00260 


.00130 


7 


.00185 


.00170 


8 


,00yl5 


.00145 


9 


.00280 


.00150 


10 


,00200 


.00125 


11 


.00160 


.00195 


12 


.00140 


.00030 


13 


.00165 


.00125 


14 


.00225 


.00050 


15 


.00170 


.00140 


16 


.00250 


.00090 


outside 


- 


.00120 
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TEST rr 3« EA Strain Go.ge and S/N Fatigue Gage Ooraparison 
of Zero Shift and Indicated Strain 
Material; Aluminuja 2024 - t4 



Design; Flat Bar 
Serial Ho,; A- 3 

Strain Indicator: Strainsert Hh'-l 

Ga.ge Types: EA ~ 13 *• 205BB -• 120 

NA - 01 



Cla,inplng Bloclc Position; § 2 



Type 


Loading; 


Rc Terse 


Bending 






le Ho. 


Gage 


Rs 


6c 




£t 


0 


Top EA 


120,50 








0 


Bottom. EA 


119.80 








0 


Top SA 


100,15 








0 


Duoiny EA 


120.32 








1 


Top S/H 


100,35 


-3155 


3200 


6355 


2 


Top EA 


120,50 


~ 3200 


3225 


6425 


3 


Bottom EA 


119..B0 


.^Aoo 


3287 


6587 


5 


Top S/H 


100,45 


-3173 


3207 


6380 


6 


Top EA 


120.56 


-3220 


3233 


6453 


7 


Bot EA 


119*90 


-3207 


3173 


6380 


10 


Top S/N 


100,49 


-3170 


3155 


6325 


11 


Top BA 


120.57 


-3220 


3240 


6/16O 


12 


Bot EA 


119*92 


-3285 


3315 


• 6600 


500 


Top S/H 


101,30 


-3210 


3170 


6380 


503. 


Ton EA 


120,56 


-3210 


3220 


6430 


502 


Bot BA 


119.92 


-3310 


3300 


6610 


1000 


Top S/H 


102.00 


-3195 


3210 


6403 


1001 


Top EA 


120.56 


-3200 


3240 


6440 


1002 • 


Bot Ei 


119.92 


-5335 


3290 


6625 
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TEST # 3 


; ( Oonlinued) 










5000 


Top S/I'I 


104.25 


-3235 


3233 


6468 


±3234 


5001 


Top BA 


120.53 


-3195 


52-45 


6^!-40 


±3220 


5002 


Sot EA 


119«99 


“3500 


3310 


681 0 


±3405 




Specimen reraovod 


for mo tall 0 graph 


inspection. 


10,000 


Top S/N 


105.26 


-3190 


3240 


6430 


±3215 


10 5 001 


Top EA 


120.80 


“3120 


32.45 


6365 


3182 


10j002 


Bot EA 


120.56 


-4055 


3360 


7415 


±3707 




Specimen removed 


for met 


allograph 


inspect 


Ion 




after each 1000 


cycles 








11,000 


Top S/N 


105.30 


-3210 


3260 


6470 


+3235 


11,001 


Top EA 


120.91 


“5155 


3210 


6365 


±5182 


11,002 


Bot EA 


120. 60 


-3670 


3990 


7660 


±3830 


12,000 


Top S/l-I 


105.36 


-3150 


3215 


6365 


±3182 


12,001 


Top EA 


121 . 00 


-3080 


3210 


6290 


±3145 


12,002 


Bot EA 


Readings 


discontinued 






13,000 


Top S/iT 


105.40 


-3090 


3240 


6330 


±3165 


13,001 


Top E.A 


121.29 


“3040 


3180 


6220 


±3110 


14.000 


Top S/H 


105.56 


-3140 


3180 


6320 


±3160 


14,001 


Top BA 


121.48 


-3030 


3180 


6210 


±3105 


15,000 


Top S/E 


105.70 


“3080 


3190 


6270 


±3135 


15,001 


Top EA 


121,78 


-3100 


3220 


6320 


±3160 


16,000 


Top S/N 


105.79 


“2940 


3265 


6205 


±3102 


16,001 


Top EA 


122.20 


“2970 


3260 


6230 


±3115 


17,000 


Top S/H 


105.83 


-3140 


3190 


6330 


±5165 


17,001 


Top EA 


122.60 


-3205 


3250 


6455 


±3227 



8 ^ 



TK5T # 3 ; ( 0 0 nt inu e d ) 

Crack lergtVi data; 







10,000 


H 


11, 


000 


Strand 


Crack length (in.) 


Crack le 


:ngth (j.n,) 




Base 


Tip 


Base 




Tip 


outside 


•M 


.00000 


«>t 




.00000 


1 


.00100 


.00070 


,00150 




.00105 


2 


.00000 


.00000 


.00035 




. 00000 


3 


.00080 


,00000 


.00085 




.00065 


4 


.00090 


,00000 


.00125 




.00000 


5 


.00000 


.00050 


.00050 




.00080 


6 


. 00000 


.00000 


.00080 




,00000 


? 


.00000 


.00100 


,00000 




.00145 


8 


.00000 


.00000 


. 00000 




.00035 


9 


.00100 


.00000 


,00120 




,00045 


10 


,00050 


,00050 


. 00110 




.00000 


11 


. 00000 


.00000 


,00060 




.00075 


12 


.00000 


.00000 


.00040 




.00000 


13 


.00060 


, 00000 


.00080 




.00055 


14 


.00060 


.00000 


.OOOS5 




. OCOlO 


15 


. 00100 


.00000 


. 00120 




.00055 


16 


. 00000 


. 00000 


.00030 




.00000 


outside 


“ 


.00000 


— 




.00045 




V — 

I'l — 


12,000 




13, 


000 


Strand 


Crack length (in*) 


Crack length (in.) 




Base 


Tip 


Base 




Tip 


outside 




.00000 


— 




.00000 


1 


.00175 


.00120 


.00200 




.00160 


2 


.00050 


.00000 


.00070 




.00000 


3 


.00100 


.00100 


.00125 




, 00120 


4 


.00130 


.00000 


,00165 




.00000 


5 


.00060 


.00100 


.00090 




. 00110 


6 


.00105 


.00000 


.00120 




.00000 


7 


,00000 


.00150 


.00020 




.00175 


8 


.00030 


.00040 


.00070 




.00050 


9 


,00140 


,00050 


.00165 




.00050 


10 


.00133 


.00000 


.00150 




,00000 


11 


,000 60 


.00100 


.00090 




.00120 


12 


,00050 


,00000 


.00060 




.00000 


13 


.00100 


, 00070 


. 00120 




.00100 


14 


.00100 


.00020 


,00130 




.000 AO 


15 


.00125 


,00070 


.00150 




.00080 


16 


,00105 


.00020 


.00120 




.00020 


outside 




.00060 






.00075 



TEST ft 3 i (Continued) 
Crack length data; 





V .- 


14*000 


H = 


15,000 


Strand 


Crack 1 


ength (in.) 


Crack length (in.) 




Base 


IIt) 


Base 


Tip 


outside 




.00000 




.00000 


1 


.00230 


.00180 


.00255 


.00210 


2 


.00090 


.00000 


.00105 


.00000 


3 


.00145 


.00160 


.00160 


.00190 


h 


.00180 


.00000 


.00200 


. 00000 


5 


.00100 


.00140 


.00120 


.00160 


6 


.001 AO 


.00000 


.00160 


. 00000 


7 


.00040 


.00220 


.00050 


.00250 


8 


.00080 


.00080 


.00110 


.00100 


9 


.003 90 


.00090 


.00200 


.00120 


10 


.00180 


.00000 


.00190 


.00000 


].i 


,00120 


.00140 


.00140 


.00160 


12 


.00120 


.00000 


,00135 


.00030 


13 


.00140 


.00120 


.00180 


, 003 40 


14 


.00160 


,00060 


,00170 


.00085 


15 


.00170 


.00120 


,00210 


.00150 
, 00040 


16 


.00106 


.00020 


.00125 


outside 




.00090 


— 


.00110 






16,000 


N - 


17,000 


Strand 


Crack length (in.) 


Crack length (in.) 




Base 


Tip 


Base 


Tip 


outside 




.00000 




.00000 


1 


.00275 


.00230 


.00300 


.00260 


2 


.00140 


.00000 


.00150 


.00000 


3 


.00180 


.00210 


.00200 


.00230 


4 


.00230 


.00000 


,00250 


. 00000 


5 


.00140 


,00180 


,00160 


,00210 


6 


.00180 


.00000 


.00200 


.00000 


7 


.00070 


.00290 


.00100 


.00310 


8 


.00140 


.00110 


.00150 


.00130 


9 


.00250 


,00130 


,00265 


.00150 


10 


.00230 


.00000 


,00240 


. 00000 


11 


.00180 


,00190 


.00200 


,00200 


12 


.00150 


.00060 


,00180 


,00080 


13 


.00190 


,00170 


.00230 


.00185 


14 


.00200 


,00100 


,00250 


.00120 


15 


.00230 


.00180 


.00270 


.00200 


16 


.00170 


.00050 


,00220 


,00060 


outside 




.00120 


- 


.00150 



TEST 4; S/N Fatigue Fata 

I-iaterlal: 1018 OR Steel 

Fesign; Flat Bar 
Serial Ko.: S~3. 

Strain Indicator: Strains ert H'd-1 

Gage Type: I’A-Ol Lot: Z-A12AF21 (ASSUMED) 

Gage Factor Setting: 2.0A 

Clamping Block Position; 1 

Temperature; 71°P ^ 



Type Loading: Reverse Bending 

Bending Rate: 1080 0PM 



Cycle ITo. 


6c 6t 


6t 


€e 


1 


-2065 2480 


4545 


;+2273 


5 


-2045 2510 


4555 


±2277 


1000 


-2140 2730 


4870 


it 2435 


Oyclej^ 




AR 




0 


100.3 


OcO 




3 


100e3 


0.0 




5 


100.3 


0.0 




1,000 


101.0 


0.7 




3 , 000 


101.7 


1.4 




6, coo 


102.4 


2.1 




10 a COO 


103.1 


2,8 




15,000 


103.9 


3.6 




20,000 


104.4 


4.1 




25 « 000 


104.6 


4.3 




30 , 000 


104,9 


^.6 




35,000 


105.14 


4.84 




40,000 


105.3 


5.0 




50,000 


FAILED 
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^nm 



s 



4 






'Si 



% I 







I 




I 




r.' 



I 



I 







i 




TEST # 5: s/ll Fatigue 31a t a 

Katei'ial: 1018 OR Stoel 

Resign: Flat Bar 

Serial Ko.: S-2 

Strain Indicator: Strainsert KW-l 

Gage Type: HA-01 Lot: Z-A1.2AP21 

Gage Factor Setting: 2.04 

Clamp Bloc3c Position: // 1 

Temperature: 71° F 



Type Loading: Reverse Bending 

Bendina Rate: 400 CPK 



Cycle No 


• 


Gc 


1 




-2257 


5 




-2273 


2,500 




-2620 


5,000 




-2430 


8,000 




-2460 


12,000 




-2510 


17,000 




-2480 


22,000 




-2610 


27,500 




-2530 


32,500 




-2660 


37,500 




-2600 


42,500 




-2830 


Cycles 


A£ 




0 


0 




1 


10 




5 


48 




10 


95 




30 


200 




60 


350 




100 


545 




300 


1670 



Ct Gt Gr 



2243 


4500 


±2250 


2260 


4533 


±2266 


2375 


4995 


± 2497 


2675 


5105 


±2552 


2730 


5190 


±2595 


2750 


5260 


±2630 


2850 


5330 


±2665 


2770 


5330 


±2690 


2920 


5450 


+:2725 


2960 


5620 


±2810 


3045 


5645 


±2822 


3255 


6085 


1:3042 


Rg 


AR 





100*48 0.0 

0*0021 

0*0098 

0,0195 

0.0410 

0*0728 

oaii7 

0*3424 
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TEST 



if- 5: (Ooiioinued) 



Cycles 


% 


300 


100,80 


600 


100.96 


1,000 


101.15 


1,510 


101.30 


2,500 


101.88 


3,500 


102,16 


5,000 


102.67 


8,000 


103.09 


12,000 


103.88 


17,000 


104.62 


22,000 


105.25 


27,500 


105.72 


32,500 


106.25 


37,500 


106.83 


42,500 


107.60 


43,500 


107.78 


43,900 


107.93 



AH 

0*32 - Shiftfid to S/I'T 
0,50 Rosistanoe 

0,67 meter 

Oe88 

1.40 
1,68 
2,:i9 
2.60 

3.40 
4.14 

4.77 
5.24 

5.77 

6,35 
7.12 
7.30 
7,45 -- 



Test terminatecl in order to preserve 
gage; fatigue crack in srecinien had 
propagated almost to edge of gage. 
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TEST 6: S/N Eatigue Data 

Material: "Luclte 129" Acrylic Plastic 

Design: Flat Bar 

Serial NOc : 1-1 

Strain Indicator: Straijisert prd-l 

Gage Tjrpe: EA-01 Lot: A12AP15 

Gage Factor' Setting: ?o04 

Clamping Block Position: 1 

Type Lojiding: Reverse Bending 



Bending Rate: 500 OPFI 

Temperature: 71°P 



Cycle I'lo. 


€c 








1 


‘•2273 


3097 


5370 


±2685 


5 


-2310 


3080 


5590 


±2695 




Cycle 


Rg 




AR 




0 


100 t 25 




0.00 




30 


100.30 




0.05 




61 


100.33 




O.OS 




100 


100.35 




0.10 




300 


100*58 




0.33 




601 


100.87 




0.62 




1,000 


101.05 




0.80 




1 , 500 


101,55 




1.30 




2 , 500 


101.88 




1.63 




4,000 


102,10 




1.85 




6,000 


103.08 




2.83 




8,000 


103,50 




3.25 




10 , 000 


103.77 




3.52 




15,000 


104.50 




4.25 




20,000 


105.00 




4.75 




25,000 


105.58 




5.33 




30,000 


106.05 




5.80 




40 , 000 


106.83 








49 , 525 


107.90 




7.65 Specimen failed 










at gage tip 



TEST § 7; S/N Fatigue Dita 



Material: "Lucite 129'* Acrylic Plastic 

Design: Flat Bar 

Serial Eo. : L~2 

Strain Indicator: Stra,insert H'.r-l 



Gage Type: HA-01 Lot: Z-A12AP21 

Gage Factor Setting: 2.04 



Clamping BlocF Position; if 2 



Bending Rate: Hot Recordeds Randoiu Rates (500-1080 CPI-l) 



Temperature: 70^F 



Cycle Ho. 




1 -5455 


3470 


5 -2955 


3995 


1000 -3028 


4105 


Cycle 


Rcr 

“'-0 


0 


100. .32 


1 


100. .35 


5 


100 , 40 


30 


100,50 


60 


100.60 


100 


100,69 


300 


101,12 


600 


101 . 76 


1,000 


102.15 


3,000 


103.80 


6,000 


105.12 


10,000 


105,84 


10,690 


105.90 



6925 ± 3463 

6950 ± 3475 

7133 ±3566 

AR 

0.00 

0.03 

0.08 

0,18 

0..28 

0,37 

0,80 

1.44 

1.83 

3.48 

4.80 

3.52 

5.58 Specimen failed 
at gage tip. 
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TKST if- 8: S/lI Fatigue Ife.ta 

Material: “Lucite 129" Acrylic Plastic 

Design: Pla.t Bar 

Serial Ko,: L-3 

Strain Indicator: Strainsort 



Gage Type: IIA-'Ol Lot: Z-A12AP21 

Gage Factor Setting: 2»04 

Claniping Bloclc Position: ff 3 

Bending Rate:- Not Recorded, Random Rates (500-1080 0 
Temperature: 70°P 



Cycle No, 
1 
5 



e, £t £. 

..4465 5560 10,025 i5012 

-4460 5570 10,030 +5015 



o 

o 

CD 


Rg 


0 


100,00 


1 


100.00 


5 


100.23 


10 


100.28 


30 


100,48 


60 


100,60 


100 


100.92 


200 


101.48 


400 


102.04 


610 


102,66 


1,002 


103.88 


1,202 


104.25 


1,700 


105.05 


2,001 


105.35 


3,001 


106.12 


3,502 


106, 65 


4,012 


106.79 


4,020 


106.88 



AH 

0«00 

0.00 

0.23 

0.28 

0.48 

0.60 

0.92- 

1.48 

2.04 
2.66 
3.38 
4.25 

5.05 
5.35 
6.12 
6. 65 
6.79 

6,88 Specimen faile 
at gage tip. 
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mUiLi.- SA Fatigue Data 

Material: "Luoite 129" Acrylic Plastic 

Design; Flat Bar 
Serial I'o.: L-4 



Strain Indicator: Strainsert 

Gage Type; HA-01 Lot: Z-A12AP21 

Gage Faotoi' Setting: 2,04 

Clamping Block Position; # 2 

Bending Rate; Variable; 0<H< 50,000 660 0?M 

50 , 000 < H < 68 , 700 8?0 C PM 

Temperature: 70*^P 



Cycle Ho. Cc 






€ R 


. 1 -2700 


2970 


5670 


± 2835 


5 -2710 


2970 


5680 


± 2840 


Oycle 


Rg 


AR 


i 


100.20 


0.00 


5 


100,30 


0.10 


10 


100,34 


0.14 


32 


100,40 


0.20 


60 


100,46 


0,26 


100 


100,50 


0.30 


302 


100,76 


0.56 


600 


101,11 


0.,91 


1,000 


101,49 


1.29 


1,500 


101,88 


1.68 


2,003 


102.04 


1.84 


3,001 


102.31 


2.11 


4,000 


102,53 


2.38 


6,000 


103, .00 


2.80 


8,002 


103.90 


3.70 


10,001 


104.12 


3.92 


12,502 


104.74 


4.54 
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TEST p 9: (Continved) 



Cycle 


Rg 


AR 


15,000 


104»95 


4.75 


20,000 


105.27 


5.07 


30,000 


105.70 


5.50 


40,016 


105.97 


5.77 


50,000 


106,18 


5.98 


60,000 


107.66 


7.46 


68,. 700 


107.86 


7.66 



Speclnicn failed at claruping bloclc. 
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TEST # 10: S/N Eatigue 

Material: "Lucite 129” Acrylic Plastic 

Poslgn: Plat Bar 



Serial Ko,: L-5 

Strain Indicator: Strainsort H.f-l 



Gage Type: NA-01 Lot: Z-A12AP21 

Gage Factor Setting: 2.04 

Clamping Block Position: ^ 0 (OeTS” away from ,f l) 

Tempera-to-re : TO^P 



Bending Rate ; 0 < L < 1 ^0 , 000 

130.000 < K < 200,000 

200.000 <j:K 550,000 



500 0PM 
660 CPM 
1080 CPM 



Cycle Mo. 




Ct 


e. 




1 


-1570 


2240 


3810 


± 1505 


5 


-1610 


2210 


3820 


±1910 


10,000 




- 


3860 


±1930 


50,000 


•• 


- 


3930 


±1965 




Cycle 


Mg 




AR 




0 


100 0 35 




0.00 




1 


100.55 




0«00 




5 


100 0,37 




0,02 




100 


100*45 




0.10 




500 


100 . 53 




0,18 




1,003 


100 *.60 




0*25 




3,000 


100 87 




0.52 




6,000 


101 el8 




0,83 




10,000 


101*70 




1.35 




20,008 


102,25 




1.95 




30,000 


102 e 50 




2.13 




40,000 


102,75 




2.40 
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TBSO: # 10: (Continued) 



Cycle 


RS 


50 j 000 


103.05 


65,000 


103.15 


100,000 


103,79 


130,000 


104.63 


170,100 


105.34 


200,000 


106.15 


250,000 


106.47 


250,000 


■ 107.36 


300,000 


103.30 


350,000 


109.00 


350,000 


109.47 


400,000 


110.88 


450,000 


112.19 


450 , 000 


112.35 


500,000 


115.06 


550,000 


118.20 



AR 

2.70 

2,80 

4.23 
4.99 
5.80 
f) IP 

7*^1 3-30 minutes elapsed 
g g^]-20 minutes elapsed 

9I12 

10.53 
31 , 84 1 

3 p ' QQ J" 20 liours cl apse d. 

14! 71 
17.85 



Test terminated 'because of 
lar^G value of AR® 
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T5S ? fr 11 ; Effect of Tir.ie osi S/N Eatigue Gage Resistance 
Material: Alurainun 2024- T4 

Design: I'lat Bar 

Strain. Indicator: Strainsert KV/-! 

Gage Type: NA-01 Lot: A12AP13 or AIPAI'IS 

Type Loading: Reverse Bending 

Strain Level: i: 1500nL£ 

Gage ff 1: 



H 


Rg 


AR 


Date 


872,000 


102.62 


2.62-> 


April 1986 


872,000 


103.40 


3.40 


April 1967 


Gage # 2: 


K 


Rg 


AR 


Date 


872,000 


102.62 


2,62 


April 1966 


872,000 


103.89 


3.89 


April 1967 



* Triebes (31) assumed t’ne initial resistance 
of his gages as 100 dims since the maraifacturer 

that the ga.ge resistance is lOOoO ±. ,2 olins. 



states 
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